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Background: Previous studies have shown that the practice of yoga reduces perceived stress and negative feelings
and that it improves psychological symptoms. Our previous study also suggested that long-term yoga training
improves stress-related psychological symptoms such as anxiety and anger. However, little is known about the
beneficial effects of yoga practice on somatization, the most common stress-related physical symptoms, and
stress-related biomarkers. We performed a prospective, single arm study to examine the beneficial effects of 12
weeks of yoga training on somatization, psychological symptoms, and stress-related biomarkers.
Methods: We recruited healthy women who had no experience with yoga. The data of 24 participants who
were followed during 12 weeks of yoga training were analyzed. Somatization and psychological symptoms were
assessed before and after 12 weeks of yoga training using the Profile of Mood State (POMS) and the Symptom
Checklist-90-Revised (SCL-90-R) questionnaires. Urinary 8-hydroxydeoxyguanosine (8-OHdG), biopyrrin, and cortisol
levels were measured as stress-related biomarkers. The Wilcoxon signed-rank test was used to compare the
stress-related biomarkers and the scores of questionnaires before and after 12 weeks of yoga training.
Results: After 12 weeks of yoga training, all negative subscale scores (tension-anxiety, depression, anger-hostility,
fatigue, and confusion) from the POMS and somatization, anxiety, depression, and hostility from the SCL-90-R
were significantly decreased compared with those before starting yoga training. Contrary to our expectation,
the urinary 8-OHdG concentration after 12 weeks of yoga training showed a significant increase compared with
that before starting yoga training. No significant changes were observed in the levels of urinary biopyrrin and
cortisol after the 12 weeks of yoga training.
Conclusions: Yoga training has the potential to reduce the somatization score and the scores related to mental
health indicators, such as anxiety, depression, anger, and fatigue. The present findings suggest that yoga can
improve somatization and mental health status and has implications for the prevention of psychosomatic symptoms in
healthy women.
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Yoga is an ancient technique used for promoting phys-
ical and mental health through postures, the regulation
of breathing, and meditation. Studies have shown that
the practice of yoga reduces perceived stress and nega-
tive feelings and that it improves psychological symp-
toms by lowering the levels of anxiety and anger [1-5].
We also showed that long-term yoga training improves
stress-related psychological symptoms, such as anxiety
and anger [6].
In addition to these stress-related psychological symp-
toms, somatization, the most common stress-related
physical symptom, is frequently seen in clinical care set-
tings. Somatization is defined as “a tendency to experi-
ence and communicate somatic distress in response to
psychosocial stress and to seek medical help for it” [7].
Clinically significant somatization leads to excessive
health care use. For example, it costs the US health care
system an estimated over $100 billion annually [8].
These medically unexplained physical symptoms include
headache, dizziness, chest pain, lower back pain, nausea,
muscle soreness, breathing problems, hot or cold spells,
numbness or tingling in parts of the body, lumps in the
throat, a weak feeling in parts of the body, and a heavy
feeling in the arms or legs. There are numerous treat-
ments for somatization, and they have varying degrees of
effectiveness.
A few studies have demonstrated that somatization
symptoms after mindfulness training, which includes
meditation, were significantly decreased in comparison
with before mindfulness training. Rosenzweig et al. indi-
cated that greater home meditation practice was as-
sociated with improvement of somatization symptoms
among participants with chronic pain conditions [9].
Franco et al. reported reduced teacher somatization scores
on the Symptom Checklist-90-Revised (SCL-90-R) through
a mindfulness training program [10]. With regard to yoga,
only one study in the English literature has shown the
potential effects of yoga practice on somatization symp-
toms [11]. Although Telles et al. reported that the
somatization score was reduced after one week of yoga
practice (Before yoga: 10.93 ± 6.05, After yoga: 7.03 ± 5.90)
[11], the baseline somatization score on the SCL-90-R in a
yoga group of healthy volunteers was higher compared
with that of a control group (Yoga group: 10.93 ± 6.05,
Control group: 5.69 ± 5.66). There is little evidence about
the effects on somatization symptoms of yoga that includes
a combination of classical postures, breathing exercises,
and meditation.
Because there are no clear biomarkers capable of object-
ively measuring psychosocial distress, many researchers
have examined self-rating symptom scores using question-
naires and various stress-related biomarkers, such as cor-
tisol and catecholamine. Recently, stress-related urinarybiomarkers, such as 8-hydroxydeoxyguanosine (8-OHdG)
and biopyrrin, have been used to assess psychological dis-
tress because blood sampling itself is invasive and has
been associated with psychological stress [12-14]. The
urinary 8-OHdG level is a putative biomarker of total
systemic oxidative stress [15], and psychological dis-
tress is associated with oxidative damage [12]. Biopyrrin,
an oxidative metabolite of bilirubin, is a stress-related
urinary biomarker [13,14,16]. In our previous study, we in-
dicated that the urinary 8-OHdG concentration tended to
be lower in a long-term yoga group than in a control
group [6]. However, there have been no previous longitu-
dinal studies showing that the practice of yoga simul-
taneously influences psychosomatic symptoms, urinary
8-OHdG, and biopyrrin levels.
In this study, we performed a prospective, single arm
study to examine the beneficial effects for healthy indi-
viduals of a 12-week yoga program on indicators of
somatization and psychological symptoms using the Pro-
file of Mood States (POMS) and SCL-90-R question-
naires, and on stress-related biomarkers, such as urinary
8-OHdG, biopyrrin, and cortisol before initiation of a
randomized control trial (RCT). We did not include
patients with somatization symptoms because this is a
pilot study. We tested the hypothesis that the indicators
of somatization and psychological symptoms would be
improved and that the levels of stress-related urinary
biomarkers after 12 weeks of yoga training would be de-
creased compared with those before the start of yoga
training.
In this paper, we used the data from a previous study
of 38 healthy women with more than two years of ex-
perience with yoga (long-term yoga group) and 37 age-
matched, healthy women who had no experience with
yoga (control group) who were used to obtain reference
data [6]. We hypothesized that the data for the psycho-
logical symptoms and the stress-related biomarkers of
the yoga-training group before yoga training would be
almost the same as the data for the control group. In
addition, we assumed that there is a dose–response ef-
fect of yoga for several weeks and a longer threshold ef-
fect. Therefore, we hypothesized that the data on the
psychological symptoms and the stress-related biomarkers
of the yoga-training group after 12 weeks of yoga training
would be almost the same as the data of the long-term
yoga group.
Methods
Participants and data collection
A national survey of yoga practitioners reported that the
percentage of females attending yoga training was 84.2%
in the USA [17]. Because yoga is also far more popular
for women than men in Japan, it seemed that it would
be difficult to recruit men for a yoga study. Therefore,
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perience with yoga. The participants were recruited by
posters, flyers, and the Internet from ten yoga-training
centers and from halls where yoga lessons were only a
part of the lesson program. The recruitment sites were
in Fukuoka, Kumamoto, and Kagoshima Prefectures of
Japan. The following exclusion criteria were applied:
(i) age < 20 years and > 50 years; (ii) taking medication in-
cluding supplements in the month prior to the experi-
ment; (iii) having an illness; and (iv) having a past history
of significant physical or mental illness. All participants
received detailed information on the purpose of the study
and provided written informed consent. The participants
who agreed were then handed questionnaires, a paper
cup, a tube with a screw cap, and a self-addressed return
parcel before and after the 12 weeks of yoga training.
Each participant collected urine samples and, at the same
time, answered the POMS and SCL-90-R questionnaires
at home. The urine, frozen at home by the participant,
and the questionnaires were sent as soon as possible via a
parcel delivery service, which used a freezer van to keep
the samples frozen at −18°C (−0.4°F). Participants who
completed the yoga- training program received 2,000 yen
(about $20). The study was approved by the Institutional
Review Board of Kyushu University.
Yoga intervention
Yoga classes were conducted one day a week for about
one hour each session for 12 weeks. All instructors of
the yoga classes are certificated. The participants were
requested to attend at least 10 of the 12 weekly yoga ses-
sions and to practice on their own at home at least twice
a week for over 30 minutes during this 12-week period.
If they could not attend 10 of the 12 classes or the re-
quested home practice, they were dropped from the
study. The self-reported home practice activity time was
confirmed at a classroom session. Some yoga classes
were closed classes, for only the participants of our
study, and others were not. Of the various types of yoga,
we chose cyclic meditation yoga as our yoga intervention
because of the availability of scientific studies on this
form of yoga (reviewed in [18]). At the beginning of the
cyclic meditation yoga training, the instructors empha-
sized practicing slowly with awareness and relaxation.
The cyclic meditation yoga consisted of the following
practices;
1. Isometric contraction of the muscles of the body
ending with rest in the supine position (Shavasana).
2. Standing at ease (Tadasana) and balancing the
weight on both feet (Centering).
3. From the standing position (Tadasna), bending to
the right and left (Ardhakati Cakrasana).
4. Forward bending (Pada Hastasana).5. Backward bending (Ardha Chakrasana).
6. Supine posture for rest (Shavasana).
7. Bending the knees, holding them together while
sitting down and adjusting the hips between the
heels. While inhaling raise both arms above the
head. While exhaling keep the back straight and
bend the upper body and arms forward until the
arms and forehead touch the floor, without raising
the buttocks (Shashankasana).
8. From a kneeling position, coming up onto both
knees and placing them hip width apart. Placing the
palms of the hands on the sacrum with the fingers
pointed down. Inhaling and pressing the knees down
while extending the crown of the head up to
lengthen the spine. Exhaling and pressing the hips
forward, squeezing the buttocks and thighs, and
supporting the body weight with the arms while
bending backwards (Ardha Ushtrasana).
9. Slowly coming down to a supine posture for rest
(Shavasana) with instructions to relax the body in
sequence.
Although the participants sometimes practiced breath-
ing exercises (Bhramari Pranayama) or meditation (Om
meditation), they mainly practiced cyclic meditation yoga.
Urine sampling
Urine samples were collected from all participants for
the quantification of biopyrrin, 8-OHdG, cortisol, and
creatinine. The participants were asked to avoid vigorous
exercise and heavy psychological stress for 24 hours
prior to urine collection. Urine was collected between
6:00 and 9:00 am, and 2 ml of urine from each partici-
pant was stored at −80°C (−112°F) until analysis. The
urinary biopyrrin, cortisol, and 8-OHdG concentra-
tions were measured by enzyme-linked immunosorbent
assay kits (Shino-Test, Tokyo, Japan, Oxford Biomedical
Research, Inc. MI, and Nikken Seil Co., Ltd, Shizuoka,
Japan, respectively). The urine creatinine concentration
was analyzed using the Accuras Auto-Cre diagnosis kit
(Shino-Test, Tokyo, Japan) and biopyrrin, 8-OHdG, and
cortisol concentrations were corrected based on the urine
creatinine concentration. One participant was excluded
from the analysis of biopyrrin, 8-OHdG, and cortisol con-
centrations because her urine was sent to us without hav-
ing been frozen.
Questionnaires
A questionnaire about demographic characteristics, the
POMS questionnaire (Educational and Industrial Testing
Service, San Diego, CA), and the SCL-90-R questionnaire
were given to each of the participants. The questionnaire
about demographic characteristics included questions
about age, race, and education. The POMS questionnaire
Table 1 Demographic data of the yoga-training group








(n = 24) (n = 37) (n = 38)
Age[Mean(SD)] 36.79 (6.43) 34.43 (8.16) 33.84 (7.33)
Range (25–46) (22–49) (22–49)
Ethnicity (%)
Japanese 100 (n = 24) 100 (n = 37) 100 (n = 38)
Education (%)
Junior H.S. graduate 0.0 (n = 0) 0.0 (n = 0) 2.6 (n = 1)
H.S. graduate 37.5 (n = 9) 24.3 (n = 9) 23.7 (n = 9)
Junior college graduate 41.7 (n = 10) 37.8 (n = 14) 42.1 (n = 16)
College graduate 20.8 (n = 5) 29.7 (n = 11) 31.6 (n = 12)
Blank 0.0 (n = 0) 8.1 (n = 3) 0.0 (n = 0)
SD: standard deviation. H.S.: high school. The Kruskal-Wallis test was used to
compare the age and education levels among the yoga training, control, and
long-term yoga groups.
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anger-hostility, vigor, fatigue, and confusion. High vigor
scores reflect a good mood or emotion, and low scores on
the other subscales reflect a good mood or emotion.
Yokoyama et al. previously translated the 65-item scale of
the POMS into Japanese and demonstrated the reliability
and validity of this Japanese version of the POMS [19]. The
Japanese version of the POMS (Kaneko Shobo Co., Tokyo,
Japan) was used for the present study. The test taker rates
his/her mood over the past seven days on a 5-point scale
ranging from “not at all” to “extremely”. The SCL-90-R is a
validated and reliable questionnaire that is sensitive to
changes in psychological distress. The validity and reli-
ability of the Japanese version of SCL-90-R has been con-
firmed [20]. It is a 90-item self-report symptom inventory
and consists of nine symptom dimensions, somatization,
obsessive-compulsive, interpersonal sensitivity, depression,
anxiety, hostility, phobic anxiety, paranoid ideation, and
psychoticism. The test taker rates how much each of 90
problems had distressed or bothered them in the past
seven days on a 5-point scale ranging from “not at all” to
“extremely. Somatization, anxiety, depression, and hostil-
ity were chosen for study because it has been demon-
strated that the practice of yoga improves the mental
state by lowering the levels of anxiety, depression and
anger-hostility [4,5,21,22] and because we wanted to en-
sure that the practice of yoga improves somatic symp-
toms. These questionnaires were chosen because of their
sensitivity to change through therapeutic intervention
in about 12 weeks [10,22]. Of the participants, the
data of three were excluded from the SCL-90-R data
analysis because they did not fill out the back page of the
questionnaire.
Statistical analysis and sample size
Statistical analyses were performed using a statistical
software package (PASW Statistics 18, version 18.0.0 for
Windows; SPSS Inc., Chicago, IL, USA). The Kruskal-
Wallis test was used to compare age and education among
the yoga-training, control, and long-term yoga groups.
Distribution of the subscale scores of POMS and biopyr-
rin, 8-OHdG, and cortisol concentrations was analyzed
using the Kolmogolov-Smirnov test, and we found that
the tension-anxiety, depression, anger-hostility, fatigue,
and confusion scores of POMS and biopyrrin, 8-OHdG,
and cortisol concentrations were not normally distributed.
In addition, the anxiety and hostility subscales of SCL-
90-R in Japanese community samples had a floor effect
(average – 1SD < 0) [20]. Therefore, we chose to run non-
parametric statistics. The Wilcoxon signed-rank test was
utilized to compare the biopyrrin, 8-OHdG, and cortisol
concentrations, which were corrected based on the urine
creatinine concentration and the scores of questionnaires
before and after 12 weeks of yoga training. The Mann–Whitney U-test was used to compare the biopyrrin,
8-OHdG, and cortisol concentrations and the scores of
questionnaires between the control group and the yoga-
training group before yoga training and between the long-
term yoga group and the yoga-training group after yoga
training. Spearman rank correlation was used to test the
relationship between the somatization score and the
POMS scores or between the changes of subscale scores
in POMS and SCL-90-R and the changes of stress-related
urinary biomarkers (8-OHdG, biopyrrin, and cortisol). Dif-
ferences of p < 0.05 were considered to be statistically
significant.
We estimated that a sample size of 21 would allow us
to detect significant differences in the before and after
yoga training somatization scores from the SCL-90-R
with 80% power (α = 0.05) based on the mean and stand-
ard deviation of the somatization scores reported in a
previous study of mindfulness [10]. The sample size was
calculated using the Power and Sample Size Calculation




The data of 24 of the 39 participants, those who com-
pleted at least 10 of the 12 weekly yoga sessions and
practiced on their own at home at least twice a week for
over 30 minutes during the 12 weeks, were available for
analysis (yoga-training group). There were no significant
differences in the subscale scores of POMS and SCL-
90-R and the stress-related urinary biomarkers before
starting yoga training between those who dropped out
before the end of the yoga training and those able to
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The demographic data of the yoga-training group, in-
cluding age, race, and education, are shown in Table 1.
As reference data, the demographic data of the long-term
yoga group (with more than two years of experience
with yoga) and the control group (without experience
with yoga) in our previous study [6] are also shown in
Table 1. No significant differences were found among the
three groups.
Psychological distress from the POMS
The results of the subscale scores of the POMS ques-
tionnaire are shown in Figure 1. To add reference for
the current results, the subscale scores of the control
(without experience with yoga) and long-term yoga (with
more than two years of experience with yoga) groups
from our previous cross-sectional study are shown on the
left and right sides, respectively [6]. All negative subscale
scores, tension-anxiety (p = 0.022; Figure 1A), depression











































Figure 1 Psychological distresses results from the Profile of Mood Sta
subscale score of the yoga-training group (n = 24) before (Pre) and after (Post)
yoga groups (Long). The 25th and 75th percentiles are represented by the low
represents the median. The whisker error bars represent the 10th and 90th per
depression (p = 0.010), anger-hostility (p= 0.020), fatigue (p= 0.001), and confus
were significantly decreased compared with those before starting yoga training
significant differences are shown: *P< 0.05, **P< 0.01.fatigue (p = 0.001; Figure 1E), and confusion (p = 0.004;
Figure 1F) of the POMS after the 12 weeks of yoga
training were significantly decreased compared with those
before starting yoga training. There was a trend toward an
increase of the vigor score after the 12 weeks of yoga
training (p = 0.083; Figure 1D). There were no significant
differences in any of the negative subscale scores of the
POMS questionnaire between the control group and the
yoga-training group before yoga training and between the
long-term yoga group and the yoga-training group after
yoga training.
Psychosomatic symptoms from the SCL-90-R and the
relationship between the change of somatization and the
change of mood state
Scores for somatization (p = 0.006), depression (p = 0.002),
anxiety (p = 0.002), and hostility (p = 0.007) from SCL-90-R
were significantly decreased after 12 weeks of yoga train-



























te (POMS) related to yoga training. Box plot representing the POMS
12 weeks of yoga training with reference control (Cont) and long-term
er and upper borders of the grey box. The dark line within the grey box
centiles. (A-C, E, F) All negative subscale scores, tension-anxiety (p = 0.022),
ion score (p= 0.004), from the POMS after the 12 weeks of yoga training














































Figure 2 Somatization and psychological symptoms from the
Symptom Check List-90-R (SCL-90-R). Box plot representing the
SCL-90-R subscale scores of the yoga-training group before (Pre) and
after (Post) 12 weeks of yoga training (n = 21). The 25th and 75th
percentiles are represented by the lower and upper borders of the
grey box. The dark line within the grey box represents the median.
The whisker error bars represent the 10th and 90th percentiles.
(A-D) Scores for somatization (p = 0.006), depression (p = 0.002),
anxiety (p = 0.002), and hostility (p = 0.007) from SCL-90-R were
significantly decreased after 12 weeks of yoga training compared with
those before starting yoga training. Statistically significant differences
are shown: **P < 0.01.
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lated to changes in somatization. However, we did not
find any significant correlation between the changes in
mood (tension-anxiety, depression, anger-hostility, vigor,
fatigue, and confusion in POMS) and the changes in
somatization (data not shown). These results suggest that
the change of somatization does not have a direct relation
with the change of mood.
Stress-related urinary biomarkers
The stress-related biomarkers urine concentration of
8-OHdG, biopyrrin, and cortisol are shown in Figure 3. As
a reference for the current results, the urine concentrationof the control group is shown on the left and that of
the long-term yoga group is shown on the right [6].
Contrary to our expectation, the urinary 8-OHdG con-
centration after 12 weeks of yoga training showed a sig-
nificant increase compared with that before the start
of yoga training (Figure 3A). The urinary 8-OHdG
concentration of the yoga-training group before yoga
training was significantly lower than that of the control
group from our previous study (Figure 3A). No sig-
nificant changes were observed in the levels of urin-
ary biopyrrin and cortisol after the 12 weeks of yoga
training (Figure 3B, C). There were no significant differ-
ences in the urinary biopyrrin and cortisol levels between
the control group and the yoga-training group before yoga
training and between the long-term yoga group and the
yoga-training group after yoga training.
Correlations between the changes of the POMS and
SCL-90-R subscale scores and the changes of stress-related
urinary biomarkers
We investigated if the changes of the subscale scores of
the POMS and SCL-90-R are related to the changes of
stress-related urinary biomarkers, such as 8-OHdG, bio-
pyrrin, and cortisol; however, we did not find any signifi-
cant correlations (data not shown).
Discussion
After 12 weeks of yoga training, all negative subscale
scores (tension-anxiety, depression, anger-hostility, fa-
tigue, and confusion) from the POMS and somatization,
anxiety, depression, and hostility from the SCL-90-R
were significantly decreased compared with those before
starting yoga training. This is the first study to demon-
strate the effect of yoga training on the somatization
symptoms of healthy women who had almost normal
somatization scores on the SCL-90-R (Before yoga: 6.86 ±
6.69, After yoga: 3.64 ± 4.04 in this study and in a Japanese
community sample: 7.56 ± 5.64 in a previous study [20];
these figures were calculated as the somatization scores in
this paper and the previous paper multiplied by 12, be-
cause the number of questions about somatization in
SCL-90-R are 12). Our findings suggest that regular yoga
training reduces not only the level of psychological symp-
toms, but also somatization symptoms.
Somatization symptoms include medically unexplained
physical symptoms such as headache, dizziness, chest
pain, lower back pain, and nausea. Some of these phys-
ical symptoms have been shown to improve with yoga
training. For example, it has been reported that the prac-
tice of yoga improved the symptoms of patients with
clinically diagnosed migraine [23] and chemotherapy-
induced nausea [24]. However, these symptoms are not
classified as somatization symptoms because they can





















































Figure 3 Change of stress-related urinary biomarkers by 12 weeks of yoga training. Box plot representing the stress-related urinary biomarkers
of the yoga-training group (n = 23) before (Pre) and after (Post) yoga training with reference control (Cont) and long-term yoga groups (Long). The
25th and 75th percentiles are represented by the lower and upper borders of the grey box. The dark line within the grey box represents the median.
The whisker error bars represent the 10th and 90th percentiles. (A) The urinary 8-Hydroxydeoxyguanosine (8-OHdG) concentration after 12-weeks of
yoga training showed a significant increase compared with that before starting yoga training. The urinary 8-OHdG concentration of the yoga-training
group before yoga training was significantly lower than that of the control group from our previous study. (B, C) No significant changes were observed
in the levels of urinary biopyrrin and cortisol after the 12 weeks of yoga training. Statistically significant differences are shown: *P < 0.05 (Wilcoxon
signed-rank test), ##P < 0.01 (Mann-Whitney U-test).
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However, low back pain is only one of the 12 somatization
score items on the SCL-90-R. A few studies have demon-
strated that mindfulness training improves somatization
symptoms [9,10]. Meditation is a major component of
mindfulness. However, the participants of our study prac-
ticed a combination of classical postures, breathing exer-
cises, and meditation. Therefore, our findings show that
this combination of yoga practices also has the potential to
improve somatization symptoms.
Yoga has been reported to be effective with respect
to negative psychological symptoms, such as anxiety
[3,27-29], anger/hostility [29], and depression [29-31].
Our previous study also suggested that long-term yoga
training can improve negative psychological symptoms
such as anxiety and anger [6]. Our current results using
the POMS and SCL-90-R questionnaires confirm these
previous findings that negative psychological symptoms,
such as anxiety, anger/hostility, depression, and confu-
sion, are improved by yoga.
As for the relation between mood and somatization,
previous study showed that only anxiety, not depression
nor anger, had a direct effect on the somatic symptoms
of anxiety disorder patients, whereas anxiety and depres-
sion, not anger, had a direct effect on the somatic symp-
toms of somatoform disorder patients [32]. However, in
healthy people there were no significant correlations be-
tween the changes in mood (tension-anxiety, depression,
anger-hostility, vigor, fatigue, and confusion in POMS)
and the changes in somatization. Our results suggested
that anxiety, depression, and anger are not intimately
linked to somatic symptoms in healthy people.Contrary to our expectation, the level of urinary 8-
OHdG after 12 weeks of yoga training showed a significant
increase compared with that before starting yoga training.
In Figure 3A, the urinary 8-OHdG level of the participants
before starting yoga was significantly lower than that of the
control group from our previous study [6] (p < 0.01;
Mann–Whitney U-test). Before being corrected based
on the urine creatinine concentration, the average
urinary 8-OHdG level of the participants before starting
yoga (7.0 ng/mL) was lower than the reference value for
women (10.3 ng/mL) described in the document for the
ELISA kit we used that appears on the manufacturing
company’s website (http://www.jaica.com/guidance_8ohdg/
index.html) Japanese. It is unclear why the urinary
8-OHdG level before starting yoga was lower than that of
the control group. It is possible that the yoga-training
group had an atypical background in terms of their daily
activity. A previous study suggested that a heavy burden of
work in addition to daily domestic roles increases urinary
excretion levels of 8-OHdG [33]. We speculate that the
participants in the yoga-training group, in contrast with
the others, had sufficient time to attend and continue the
12 weeks of training sessions. Most of them may have been
working-women without daily domestic roles. Viewed in
this light, through the practice of yoga, their activity levels
may have increased and approached the activity levels of
the long-term yoga group. Further studies are needed to
elucidate the relationship between urinary 8-OHdG and
psychosomatic distress that include the activity level.
The analysis of urinary biopyrrin in our previous
cross-sectional study of yoga indicated no significant dif-
ferences in the level of urinary biopyrrin between the
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results also showed no significant change in urinary
biopyrrin levels after 12 weeks of yoga training. This may
be because it is difficult for healthy people to reduce their
concentration of urinary biopyrrin by yoga training be-
cause their urinary excretion of biopyrrins is already
stable at a lower concentration. Our results suggest that
biopyrrin is suitable for studies of clinical populations,
but not suitable for studies of healthy people.
Cortisol is an accepted, objective stress-related bio-
marker, because dysregulation of the level of cortisol is
related to pathologies associated with stress-related
symptoms, such as anxiety, depression, and negative
affect [34-36]. However, a previous cross-sectional study
of meditation and our previous cross-sectional study of
yoga demonstrated that the baseline cortisol level of
long-term practitioners was almost the same as that of a
control group [6,37]. Our present results also showed no
significant change in urinary cortisol level by 12 weeks
of yoga training. Although it has been reported that
chronic stress causes a high basal cortisol level, the basal
cortisol level of most healthy participants may be stable
at a lower concentration. Another possibility is that we
did not get the accurate peak cortisol level of all partici-
pants because we did not take into consideration differ-
ences in the participant’s sleep/wake schedules, although
urine was collected between 6:00 and 9:00 am. Circadian
rhythm should be tracked leading up to the urine collec-
tion to more accurately measure the cortisol level.
This study has some limitations. The first is the small
sample size. However, we were able to demonstrate sig-
nificant differences in somatization and psychological
scores because there were more participants than the
calculated sample size necessary to insure significance.
The second limitation is that there is a lack of a com-
parison group. By using the previous data as a reference,
we were able to show that the data of the yoga-training
group before yoga training were almost the same as the
data of the control group, except for the level of 8-OHdG.
Also, the data of the yoga-training group after yoga train-
ing were almost the same as the data in the long-term
yoga group. These data indicate that the changes of
somatization and psychological symptoms in the yoga-
training group compared with the “true” control group
would have remained significant if an RCT has been used.
Despite these limitations, the present findings suggest that
yoga training can reduce the somatization score and
scores related to mental health indicators, such as anxiety,
depression, anger, and fatigue. Yoga training may affect
both physical and mental well-being and be useful for pre-
venting somatization and mental disorders. Further stud-
ies that measure psychosomatic symptoms and stress-
related biomarkers of patients with somatization using
yoga intervention compared with controls without yogaintervention, taking into consideration differences in their
sleep/wake schedules using methods such as 24 hr urine
collection, and/or sleep/wake logs, are needed to verify the
effect of yoga.
Conclusions
Yoga training has the potential to reduce the somatization
score and scores related to mental health indicators, such
as anxiety, depression, anger, and fatigue. The present find-
ings suggest that yoga can improve somatization and men-
tal health status and has implications for the prevention of
psychosomatic symptoms in healthy women.
Abbreviations
POMS: Profile of mood state; SCL-90-R: Symptom Checklist-90-Revised;
8-OHdG: 8-hydroxydeoxyguanosine; RCT: Randomized control trial;
SD: Standard deviation; H.S.: High school.
Competing interests
The authors declare that they have no competing interests.
Our interpretation of the data and presentation of the information was not
influenced by the Japan Yoga Therapy Society, which funded our study.
Authors’ contributions
K.Y. conceived the study, participated in the design of the study, carried out
data collection, performed the statistical analysis and drafted the manuscript.
T.H. participated in the design of the study and carried out data collection.
T.O. and N.S. evaluated the results of the study and reviewed the manuscript.
C.K. participated in the design and coordination of the study and reviewed
the manuscript. All authors read and approved the final manuscript.
Acknowledgements
This study was supported by grants from the Meiji Yasuda Life Foundation of
Health and Welfare and a Japan Yoga Therapy Society Research Grant. We
would like to thank Mr. Izuru Shioji of Shino-Test Co., Inc. for measuring the
urinary biopyrrin and creatinine concentration and Ms. Hisako Wakita, Ms.
Fumiyo Tomioka, Ms. Shizuyo Yonemura, Ms. Takako Imamura, Ms. Keiko
Tsukamoto, Ms. Akiyo Shimizu, Ms. Sachie Furuta, Ms. Atsuko Takeshima,
Ms. Aiko Kishi, Ms. Miwako Yoshii, Ms. Yumiko Yoshihara, Ms. Misako Ebisawa,
Ms. Emiko Tsuno, Ms. Keiko Tsukamoto, Ms. Toako Fukumitsu, Ms. Hiromi Tanaka,
Ms. Tomoko Ueno, Ms. Naoko Tokunaga, Ms. Mieko Honbu, and Ms. Akiko
Nakano for teaching yoga to the participants or cooperating in the recruitment
of participants.
Received: 7 February 2013 Accepted: 24 December 2013
Published: 3 January 2014
References
1. Granath J, Ingvarsson S, von Thiele U, Lundberg U: Stress management: a
randomized study of cognitive behavioural therapy and yoga. Cogn
Behav Ther 2006, 35:3–10.
2. Kirkwood G, Rampes H, Tuffrey V, Richardson J, Pilkington K: Yoga for
anxiety: a systematic review of the research evidence. Br J Sports Med
2005, 39:884–891. discussion 891.
3. Smith C, Hancock H, Blake-Mortimer J, Eckert K: A randomised comparative
trial of yoga and relaxation to reduce stress and anxiety. Complement
Ther Med 2007, 15:77–83.
4. Michalsen A, Grossman P, Acil A, Langhorst J, Ludtke R, Esch T, Stefano GB,
Dobos GJ: Rapid stress reduction and anxiolysis among distressed
women as a consequence of a three-month intensive yoga program.
Med Sci Monit 2005, 11:CR555–CR561.
5. Lavey R, Sherman T, Mueser KT, Osborne DD, Currier M, Wolfe R: The effects
of yoga on mood in psychiatric inpatients. Psychiatr Rehabil J 2005,
28:399–402.
6. Yoshihara K, Hiramoto T, Sudo N, Kubo C: Profile of mood states and
stress-related biochemical indices in long-term yoga practitioners.
Biopsychosoc Med 2011, 5:6.
Yoshihara et al. BioPsychoSocial Medicine 2014, 8:1 Page 9 of 9
http://www.bpsmedicine.com/content/8/1/17. Lipowski ZJ: Somatization: the concept and its clinical application. Am J
Psychiatry 1988, 145:1358–1368.
8. Barsky AJ, Orav EJ, Bates DW: Somatization increases medical utilization
and costs independent of psychiatric and medical comorbidity. Arch Gen
Psychiatry 2005, 62:903–910.
9. Rosenzweig S, Greeson JM, Reibel DK, Green JS, Jasser SA, Beasley D:
Mindfulness-based stress reduction for chronic pain conditions: variation
in treatment outcomes and role of home meditation practice. J Psychosom
Res 2010, 68:29–36.
10. Franco C, Manas I, Cangas AJ, Moreno E, Gallego J: Reducing teachers’
psychological distress through a mindfulness training program. Span J
Psychol 2010, 13:655–666.
11. Telles S, Singh N, Yadav A, Balkrishna A: Effect of yoga on different aspects
of mental health. Indian J Physiol Pharmacol 2012, 56:245–254.
12. Inoue A, Kawakami N, Ishizaki M, Tabata M, Tsuchiya M, Akiyama M,
Kitazume A, Kuroda M, Shimazu A: Three job stress models/concepts and
oxidative DNA damage in a sample of workers in Japan. J Psychosom Res
2009, 66:329–334.
13. Yasukawa R, Miyaoka T, Yasuda H, Hayashida M, Inagaki T, Horiguch J:
Increased urinary excretion of biopyrrins, oxidative metabolites of
bilirubin, in patients with schizophrenia. Psychiatry Res 2007, 153:203–207.
14. Yamaguchi T, Shioji I, Sugimoto A, Yamaoka M: Psychological stress
increases bilirubin metabolites in human urine. Biochem Biophys Res
Commun 2002, 293:517–520.
15. Shigenaga MK, Gimeno CJ, Ames BN: Urinary 8-hydroxy-2′-deoxyguanosine as
a biological marker of in vivo oxidative DNA damage. Proc Natl Acad Sci USA
1989, 86:9697–9701.
16. Miyaoka T, Yasukawa R, Yasuda H, Shimizu M, Mizuno S, Sukegawa T,
Inagaki T, Horiguchi J: Urinary excretion of biopyrrins, oxidative
metabolites of bilirubin, increases in patients with psychiatric disorders.
Eur Neuropsychopharmacol 2005, 15:249–252.
17. Ross A, Friedmann E, Bevans M, Thomas S: National survey of yoga
practitioners: mental and physical health benefits. Complement Ther Med
2013, 21:313–323.
18. Subramanya P, Telles S: A review of the scientific studies on cyclic
meditation. Int J Yoga 2009, 2:46–48.
19. Yokoyama K, Araki S, Kawakami N, Tkakeshita T: [Production of the
Japanese edition of profile of mood states (POMS): assessment of
reliability and validity]. Nihon Koshu Eisei Zasshi 1990, 37:913–918.
20. Tomioka M, Shimura M, Hidaka M, Kubo C: The reliability and validity of a
Japanese version of symptom checklist 90 revised. Biopsychosoc Med
2008, 2:19.
21. Manocha R, Marks GB, Kenchington P, Peters D, Salome CM: Sahaja yoga in
the management of moderate to severe asthma: a randomised
controlled trial. Thorax 2002, 57:110–115.
22. Sareen S, Kumari V, Gajebasia KS, Gajebasia NK: Yoga: a tool for improving
the quality of life in chronic pancreatitis. World J Gastroenterol 2007,
13:391–397.
23. John PJ, Sharma N, Sharma CM, Kankane A: Effectiveness of yoga therapy
in the treatment of migraine without aura: a randomized controlled trial.
Headache 2007, 47:654–661.
24. Raghavendra RM, Nagarathna R, Nagendra HR, Gopinath KS, Srinath BS, Ravi BD,
Patil S S, Ramesh BS, Nalini R: Effects of an integrated yoga programme on
chemotherapy-induced nausea and emesis in breast cancer patients. Eur J
Cancer Care (Engl) 2007, 16:462–474.
25. Tilbrook HE, Cox H, Hewitt CE, Kang’ombe AR, Chuang LH, Jayakody S, Aplin JD,
Semlyen A, Trewhela A, Watt I, et al: Yoga for chronic low back pain: a
randomized trial. Ann Intern Med 2011, 155:569–578.
26. Sherman KJ, Cherkin DC, Erro J, Miglioretti DL, Deyo RA: Comparing yoga,
exercise, and a self-care book for chronic low back pain: a randomized,
controlled trial. Ann Intern Med 2005, 143:849–856.
27. Waelde LC, Thompson L, Gallagher-Thompson D: A pilot study of a yoga
and meditation intervention for dementia caregiver stress. J Clin Psychol
2004, 60:677–687.
28. Telles S, Singh N, Joshi M, Balkrishna A: Post traumatic stress symptoms
and heart rate variability in Bihar flood survivors following yoga: a
randomized controlled study. BMC Psychiatry 2010, 10:18.
29. Shapiro D, Cook IA, Davydov DM, Ottaviani C, Leuchter AF, Abrams M: Yoga
as a complementary treatment of depression: effects of traits and
moods on treatment outcome. Evid Based Complement Alternat Med 2007,
4:493–502.30. Pilkington K, Kirkwood G, Rampes H, Richardson J: Yoga for depression: the
research evidence. J Affect Disord 2005, 89:13–24.
31. Woolery A, Myers H, Sternlieb B, Zeltzer L: A yoga intervention for young
adults with elevated symptoms of depression. Altern Ther Health Med
2004, 10:60–63.
32. Koh KB, Kim DK, Kim SY, Park JK, Han M: The relation between anger
management style, mood and somatic symptoms in anxiety disorders
and somatoform disorders. Psychiatry Res 2008, 160:372–379.
33. Ishihara I, Nakano M, Ikushima M, Hara Y, Yoshimine T, Haraga M, Nakatani J,
Kawamoto R, Kasai H: Effect of Work Conditions and Work Environments
on the Formation of 8-OH-dG in Nurses and Non-Nurse Female Workers.
J Univ Occup Environ Health 2008, 30:293–308.
34. Greaves-Lord K, Ferdinand RF, Oldehinkel AJ, Sondeijker FE, Ormel J,
Verhulst FC: Higher cortisol awakening response in young adolescents
with persistent anxiety problems. Acta Psychiatr Scand 2007, 116:137–144.
35. Mannie ZN, Harmer CJ, Cowen PJ: Increased waking salivary cortisol levels
in young people at familial risk of depression. Am J Psychiatry 2007,
164:617–621.
36. Jacobs N, Myin-Germeys I, Derom C, Delespaul P, van Os J, Nicolson NA: A
momentary assessment study of the relationship between affective and
adrenocortical stress responses in daily life. Biol Psychol 2007, 74:60–66.
37. Cooper R, Joffe BI, Lamprey JM, Botha A, Shires R, Baker SG, Seftel HC:
Hormonal and Biochemical Responses to Transcendental Meditation.
Postgrad Med J 1985, 61:301–304.
doi:10.1186/1751-0759-8-1
Cite this article as: Yoshihara et al.: Effect of 12 weeks of yoga training
on the somatization, psychological symptoms, and stress-related
biomarkers of healthy women. BioPsychoSocial Medicine 2014 8:1.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
